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(57) ABSTRACT 

Achip carrier With a dam bar structure is proposed. The chip 
carrier is de?ned With at least a chip attach area and a Wire 
bonding area surrounding the chip attach area, allowing a 
chip to be mounted on the chip attach area and electrically 
connected to the Wire bonding area by bonding Wires bonded 
to the Wire bonding area. A molding gate and a dam bar are 
formed on the substrate outside the chip attach area and Wire 
bonding area. An molding compound is injected through the 
molding gate for encapsulating the chip and bonding Wires. 
The dam bar is provided With a ?rst gate directed toWard the 
molding gate, a second gate and a third gate opposed to the 
second gate, Wherein the second and third gates are each 
vertically arranged With respect to the molding gate, alloW 
ing the molding compound to divert its ?oW direction by the 
dam bar. 

15 Claims, 5 Drawing Sheets 
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FIG. 5A (PRIOR ART) 
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FIG. 6 (PRIOR ART) 
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FIG. 8 (PRIOR ART) 
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SUBSTRATE WITH DAM BAR STRUCTURE 
FOR SMOOTH FLOW OF ENCAPSULATING 

RESIN 

FIELD OF THE INVENTION 

The present invention relates to chip carriers, and more 
particularly, to a substrate for use in a BGA (ball grid array) 
semiconductor package. 

BACKGROUND OF THE INVENTION 

A ball grid array (BGA) package is an advanced semi 
conductor technology characteriZed by using high-density 
arrangement of solder balls as input/output (I/O) 
connections, alloWing a chip mounted on a substrate to be 
electrically connected to an external device by means of the 
solder balls. 

In concern of protecting the chip and bonding Wires for 
electrically connecting the chip to the substrate from eXter 
nal impact and contaminant, a molding process is 
performed, and the substrate mounted With the chip and 
bonding Wires is placed in a mold cavity, alloWing a molding 
compound to be injected into the mold cavity for encapsu 
lating the chip and bonding Wires. As shoWn in FIG. 5A, 
When a molding compound (as indicated by arroWs in the 
draWing) is injected to a substrate 1 through a gate 10, 
bonding Wires 11 Would be subject to mold ?oW impact from 
the molding compound, thereby undesirably causing Wire 
sWeep of the bonding Wires 11, especially for those (as 
circled in the draWing) vertically arranged in position With 
respect to a How direction of the molding compound. By 
virtue of Wire sWeep, adjacent bonding Wires Would possibly 
come into contact With each other, Which causes short circuit 
of bonding Wires and adversely affects the yield of package 
products. 

Moreover, as shoWn in FIG. 5B, for the substrate 1 being 
used in a MCM (multiple chip module) package With a 
plurality of chips 12 and bonding Wires 11 bonded to 
respective chips 12 being mounted on the substrate 1, mold 
How of the molding compound Would be affected by uneven 
distribution of the chips 12 and bonding Wires 11 on the 
substrate 1. For eXample, mold How Would have a higher 
?oWing speed at a region RI free of chips 12 and bonding 
Wires 11 than at a region R2 mounted With chips 12 and 
bonding Wires 11 on the substrate 1. Bonding Wires 11 (as 
circled in the draWing) vertically arranged With respect to a 
How direction of the molding compound Would be directly 
subject to mold ?oW impact, thereby causing a greatest 
eXtent of Wire sWeep. Further, uneven ?oWing speeds of 
mold How may also lead to turbulence, making an encap 
sulant fabricated by the molding compound undesirably 
formed With voids, Which Would generate popcorn effect 
during subsequent high-temperature processes, and thus 
adversely affect the quality and yield of products. 

Accordingly, a plurality of solutions to Wire sWeep prob 
lems are disclosed in the related patents, for example, are 
US. Pat. Nos. 6,031,281, 5,331,205, 6,211,574 and 5,736, 
792. 

As shoWn in FIG. 6, US. Pat. No. 6,031,281 teaches 
forming of a dummy Wire 21 at a corner Wire-bonding area 
of a chip 20. The dummy Wire 21 and a functional Wire 22 
are both bonded to a same single lead 23, and equally 
dimensioned in loop height. When the functional Wire 22 is 
subject to mold ?oW impact and sWept, it comes into contact 
With the dummy Wire 21 Without causing short circuit, such 
that other bonding Wires 24 can be protected from being 
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2 
touched by the sWept Wire 22, and suffer less impact from 
mold How of a molding compound. HoWever, forming of the 
dummy Wire 21 Would be only effective to certain or 
restricted-arranged bonding Wires e.g. functional Wire 22. 
For ?ne-pitch or high-density arrangement of leads or bond 
ing Wires, dummy Wires Would be hardly fabricated to 
protect functional bonding Wires. 
US. Pat. No. 5,331,205 discloses the use of tWice encap 

sulating processes. As shoWn in FIG. 7, a chip 30 and 
bonding Wires 31 are ?rst encapsulated by a resin material 
32 such as epoXy resin-and then-a molding process is 
performed to form an encapsulant 33 for packaging entire 
semiconductor structure. HoWever, this method is relatively 
complex to implement; delamination Would easily occur at 
interface betWeen the resin material 32 and the encapsulant 
33, making quality of fabricated products undesirably dete 
riorated. 

As shoWn in FIG. 8, US. Pat. No. 6,211,574 uses a resin 
material eg epoXy resin to form a support member 42 at 
middle part of bonding Wires 41, so as to hold the bonding 
Wires 41 in position Without being sWept by mold ?oW 
impact during a molding process. HoWever, When the resin 
material is applied to the bonding Wires 41 for forming the 
support member 42, it may easily deform the bonding Wires 
41 or adversely affect electrical connection quality of the 
bonding Wires 41, thereby reducing the yield of package 
products. 
US. Pat. No. 5,736,792 is characteriZed by applying an 

epoXy adhesive to bonding Wires, for the purpose of ?rmly 
positioning the bonding Wires Without being sWept or dis 
located; this method leads to the same draWbacks of dam 
aging or affecting electrical connection quality of bonding 
Wires, as described for the above US. Pat. No. 6,211,574. 

In response to the above draWbacks, hoW to develop a 
substrate for use in a semiconductor package so as to prevent 
Wire sWeep and short circuit betWeen adjacent bonding 
Wires, is therefore a critical problem to solve. 

SUMMARY OF THE INVENTION 

Aprimary objective of the present invention is to provide 
a substrate With a dam bar structure, alloWing mold How of 
a molding compound to be impeded by a dam bar and divert 
its ?oW direction, so as to effectively reduce the occurrence 
of Wire sWeep and short circuit betWeen adjacent bonding 
Wires, thereby preventing voids in an encapsulant and pop 
corn effect from occurrence. 

In accordance With the above and other objectives, the 
present invention proposes a substrate With a dam bar 
structure, the substrate being de?ned on a surface thereof 
With at least a chip attach area and a Wire bonding area 
surrounding the chip attach area, alloWing a chip to be 
mounted on the chip attach area and electrically connected 
to the substrate by a plurality of bonding Wires bonded to the 
Wire bonding area. Amolding gate and a dam bar are formed 
on the surface of the substrate outside the chip attach area 
and the Wire bonding area, a molding compound is adapted 
to be injected through the molding gate for encapsulating the 
chip and the bonding Wires, and the dam bar is provided With 
at least a ?rst gate directed toWard the molding gate, a 
second gate and a third gate opposed to the second gate, 
Wherein the second and third gates are vertically arranged in 
position With respect to the molding gate, so as to alloW the 
molding compound to be diverted With a How direction 
thereof by the dam bar. 
By forming of the dam bar on the substrate, the molding 

compound is adapted to be impeded by the dam bar and 
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diverted to How through the second and third gates of the 
dam bar into the chip attach area and the Wire bonding area. 
Moreover, diverted molding compound through the second 
and third gates ?oWs in a direction substantially parallel to 
bonding Wires arranged nearby the second and third gates; 
this effectively reduce impact from mold How of the molding 
compound to the bonding Wires, such that the bonding Wires 
vertically arranged With respect to the molding gate can be 
effectively prevented from being sWept by mold ?oW 
impact. 

Moreover, after being impeded by the dam bar and divert 
to How into the second and third gates, the encapsulating 
compound Would accordingly decrease its ?oWing speed, 
Which further helps reduce its mold ?oW impact to the 
bonding Wires, making the bonding Wires less likely subject 
to Wire sWeep or short circuit. Furthermore, the molding 
compound Would simultaneously ?oW through the second 
and third gates to evenly encapsulate the chip and the 
bonding Wires disposed on the chip attach area and the Wire 
bonding area on the substrate respectively. 

In another embodiment of the invention, the substrate 
With a dam bar structure is de?ned on a surface thereof With 
a plurality of chip attach areas and Wire bonding areas 
surrounding the chip attach areas respectively, alloWing a 
plurality of chips to be mounted on the chip attach areas and 
electrically connected to the substrate by a plurality of 
bonding Wires bonded to the Wire bonding areas respec 
tively. At least a dam bar is formed on the surface of the 
substrate outside the chip attach areas and the Wire bonding 
areas in a manner that, an encapsulating compound is 
adapted to smoothly and evenly ?oW into the chip attach 
areas and the Wire bonding areas for encapsulating the chips 
and the bonding Wires. 

The dam bar is used to balance distribution of the chip 
attach areas and the Wire bonding areas on the substrate, 
thereby making the encapsulating compound more smoothly 
and evenly How to encapsulate the chips and bonding Wires 
disposed on the chip attach areas and Wire bonding areas. 
Therefore, it is greatly bene?cial of using the substrate of the 
invention, Which can effectively reduce the occurrence of 
Wire sWeep and prevent voids from being formed in the 
cured molding compound or encapsulant, thereby assuring 
quality and yield of package products; unlike in the prior art 
of using a conventional MCM substrate With uneven 
arrangement of chips and bonding Wires, Which Would cause 
uneven ?oWing speeds or turbulence of a molding 
compound, and possibly lead to voids formed in the encap 
sulant and popcorn effect that seriously damage the package 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the folloWing detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

FIG. 1 is a top vieW of a ?rst embodiment of a substrate 

of the invention; 
FIG. 2 is a cross-sectional vieW of the substrate of FIG. 1 

cutting along a line 2—2; 
FIGS. 3A—3C are top vieWs of comparative examples for 

a dam bar of the substrate of the invention; 
FIG. 4 is a top vieW of a second embodiment of a substrate 

of the invention; 
FIGS. 5A and 5B (PRIOR ART) are top vieWs of a 

conventional substrate; 
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4 
FIG. 6 (PRIOR ART) is a top vieW shoWing arrangement 

of chips and bonding Wires disclosed in US. Pat. No. 
6,031,281; 

FIG. 7 (PRIOR ART) is a cross-sectional vieW of a 
package structure disclosed in US. Pat. No. 5,331,205; and 

FIG. 8 (PRIOR ART) is a cross-sectional vieW of a 
package structure disclosed in US. Pat. No. 6,211,574. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The folloWing description is made With reference to 
FIGS. 1 to 4 for detailing preferred embodiments of a 
substrate With a dam bar structure proposed in the present 
invention. The draWings are made in a simpli?ed manner as 
to only illustrate components or parts related to the disclo 
sure of this invention; it should be understood that, these 
components or parts are not draWn in real siZes or numbers, 
and the substrate of this invention is structurally more 
complex in practical fabrication. A substrate for use in a 
BGA (ball grid array) semiconductor package is exempli?ed 
hereinafter Without setting any restriction to the scope of the 
invention. 
First Preferred Embodiment 

FIG. 1 and FIG. 2 illustrate a substrate With a dam bar 
structure of the invention. As shoWn in the draWings, a 
substrate 5 suitably used for a BGA semiconductor package 
is prepared. The substrate 5 is mainly made of a conven 
tional resin material such as epoxy resin, polyimide resin, 
BT resin or FR4 resin. 
The substrate 5 is de?ned on a surface 50 thereof With at 

least a chip attach area 51 and a Wire bonding area 52 
surrounding the chip attach area 51. The chip attach area 51 
is used for mounting a chip 53 thereon, and a plurality of 
bonding Wires 54 eg gold Wires are bonded to bond pads 
530 formed on the chip 53 and to bond ?ngers 520 formed 
on the Wire bonding area 52, so as to electrically connect the 
chip 53 to the substrate 5. 
The surface 50 of the substrate 5 is further formed With a 

dam bar 56 outside the chip attach area 51 and the Wire 
bonding area 52. In a molding process, a molding compound 
such as epoxy resin (as indicated by arroWs in the draWing) 
is injected through the molding gate 55 to the substrate 5, 
and adapted to How and spread over the chip attach area 51 
and the Wire bonding area 52, so as to form an encapsulant 
(not shoWn) that encapsulates the chip 53 and the bonding 
Wires 54. 

The dam bar 56 is made of an insulating material, and can 
be fabricated simultaneously With the substrate 5 or prior to 
the molding process. The former case alloWs the dam bar 56 
to be fabricated in a batch manner on the substrate 5 by a 
printing process; in the latter case, the dam bar 56 is formed 
on the substrate 5 by currently available equipment Without 
increasing fabrication costs. 
The dam bar 56 is approximately a U-shape, and located 

peripherally outside the chip attach area 51 and the Wire 
bonding area 52. The dam bar 56 is formed With a prede 
termined number of gates for controlling a How direction of 
the encapsulating compound in a manner as to effectively 
reduce mold ?oW impact and Wire sWeep for the bonding 
Wires 54, thereby preventing short circuit betWeen adjacent 
bonding Wires 54. The geometry shape and height of the dam 
bar 56 are critical factors for affecting mold How of the 
encapsulating compound (as detailed hereinafter), Wherein a 
printing-made dam bar 56 has preferable stability in height. 
Geometry Shape of Dam Bar 
The dam bar 56 formed on the substrate 5, as shoWn in 

FIG. 1, is preferably provided With a ?rst gate 560 directed 
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toward the molding gate 55, a second gate 561, and a third 
gate 562 opposed to the second gate 561, Wherein the second 
and third gates 561, 562 are vertically arranged in position 
With respect to the molding gate 55; this allows the dam bar 
56 to be divided into four sections by means of the ?rst, 
second and third gates 560, 561, 562. 

The ?rst gate 560 is siZed smaller than the second and 
third gates 561, 562 respectively. The ?rst gate 560 needs to 
be considerably small for reducing a ?oWing speed of the 
molding compound Without causing voids formed in the 
cured molding compound or encapsulant. The second and 
third gates 561, 562 are respectively dimensioned suf? 
ciently to alloW the molding compound to smoothly ?oW 
into the chip attach area 51 and the Wire bonding area 52, 
such that the chip 53 and bonding Wires 54 can be encap 
sulated by the molding compound. 
By forming of the dam bar 56, mold How of the molding 

compound Would mostly change its ?oW direction in a 
manner that, the molding compound injected from the 
molding gate 55 is impeded by the dam bar 56, and diverts 
to How through the second and third gates 561, 562 into the 
chip attach area 51 and the Wire bonding area 52 (as 
indicated by arroWs in the draWing). Moreover, the diverted 
molding compound through the second and third gates 561, 
562 is directed toWard a direction substantially parallel to 
arrangement of bonding Wires 54 (as circled in the draWing); 
this thereby greatly reduce mold ?oW impact to the bonding 
Wires 54 that are vertically arranged With respect to the 
molding gate 55, thereby effectively preventing Wire sWeep 
from occurrence. Therefore, the invention can signi?cantly 
resolve draWbacks in the prior art of causing severe Wire 
sWeep by mold ?oW impact Without forming of a dam bar on 
a substrate. 

Moreover, after being impeded by the dam bar 56 and 
diverted to How into the second and third gates 561, 562, the 
molding compound Would also decrease its ?oWing speed, 
Which further reduces mold ?oW impact and Wire sWeep for 
the bonding Wires 54 as Well as prevent short circuit betWeen 
adjacent bonding Wires 54. Furthermore, the molding com 
pound ?oWs simultaneously from the second and third gates 
561, 562 into the chip attach area 51 and the Wire bonding 
area 52, making mold ?oW smoothly spread to evenly 
encapsulate the chip 53 and bonding Wires 54. 

COMPARATIVE EXAMPLES 

FIGS. 3A—3C illustrate comparative eXamples for the 
dam bar of the invention; the dam bar 56 of FIG. 1 is of a 
preferable geometry shape that eliminates draWbacks of the 
comparative eXamples (as detailed hereinafter). 
As shoWn in FIG. 3A, a simple dam bar 56a is formed 

With a gate 560a directed toWard the molding gate 55, and 
has found to be ineffective for impeding mold How of the 
molding compound. 
A dam bar 56b of FIG. 3B is similar in structure to the 

dam bar 56a of FIG. 3A, With the difference in that the dam 
bar 56b is dimensioned With increased length, and a gate 
560b of the dam bar 56b is siZed smaller than the gate 560a 
of the dam bar 56a. It has been found that, such a dam bar 
56b Would reduce a ?oWing speed of the molding compound 
that ?oWs into the chip attach area 51 and the Wire bonding 
area 52, thereby help protect the bonding Wires 54 from 
being sWept by mold ?oW impact. 
Adam bar 56c of FIG. 3C is an improved structure of the 

dam bar 56b of FIG. 3B. The dam bar 56c is provided With 
a plurality of gates 563a—e (?ve gates in total), for the 
purpose of diverting mold How of the molding compound 
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6 
(as indicated by arroWs in the draWing). HoWever, it has 
been found that, such a dam bar 56c With ?ve gates 563a—e 
is not effective for changing a How direction of the molding 
compound. 

Therefore, by further improving the dam bar 56c of FIG. 
3C in a manner that, gates 563b, 563c are sealed and gates 
563d, 5636 are enlarged in dimension, a structure of the dam 
bar 56 is thus preferably fabricated as shoWn in FIG. 1. With 
provision of the dam bar 56, mold How of the molding 
compound Would be mostly diverted to How through the 
second and third gates 561, 562 into the chip attach area 51 
and the Wire bonding area 52 on the substrate 5, so as to 
effectively reduce the occurrence of Wire sWeep for the 
bonding Wires 54 Without causing short circuit betWeen 
adjacent bonding Wires 54, thereby assuring yield of fabri 
cated package products. 
Height of Dam Bar 
As shoWn in FIG. 2 the dam bar 56 formed on the 

substrate 5 is preferably dimensioned With a height H larger 
than three-fourth height of a mold cavity (not shoWn). For 
eXample, if the mold cavity is 1 mm high, height H of the 
dam bar 56 is from 0.75 to 1 mm, preferably 1 mm; such a 
dam bar 56 is capable of providing sufficient impedance to 
mold How of the molding compound and effectively pre 
venting Wire sWeep of the bonding Wires 54. With decrease 
in height H of the dam bar 56, prevention of Wire sWeep for 
the bonding Wires 54 is accordingly reduced. For eXample, 
if height H of the dam bar 56 is reduced to 0.75 mm, mold 
How of the molding compound cannot be effectively 
impeded by the dam bar 56; if the dam bar 56 is further 
reduced to 0.5 mm, the dam bar 56 Will malfunction on 
affecting mold How of the molding compound, as in the case 
Without forming a dam bar on a conventional substrate. 
Second Preferred Embodiment 

FIG. 4 illustrates a second embodiment of a substrate 6 
With a dam bar structure of the invention. As shoWn in the 
draWing, the substrate 6 is used in a MCM (multiple chip 
module) semiconductor package. A surface 60 of the sub 
strate 6 is de?ned With a plurality of chip attach areas 61 and 
Wire bonding areas 62 respectively surrounding the chip 
attach areas 61, alloWing a plurality of chips 63 mounted on 
the chip attach areas 61 to be electrically connected to the 
substrate 6 by bonding Wires 64 bonded to the Wire bonding 
areas 62. 

Besides the chip attach areas 61 and Wire bonding areas 
62, the surface 60 of the substrate 6 is further formed With 
at least a dam bar 65, Which is shaped or structured Without 
being restricted to illustration in the draWing. The dam bar 
65 is used to balance distribution of the chip attach areas 61 
and the Wire bonding areas 62 on the substrate 6, thereby 
making mold How of a molding compound to How more 
smoothly and evenly How to encapsulate the chips 63 and 
bonding Wires 64 disposed on the chip attach areas 61 and 
Wire bonding areas 62. Therefore, it is greatly bene?cial of 
using the substrate 6 of the invention, Which can effectively 
reduce the occurrence of Wire sWeep and prevent voids from 
being formed in the cured molding compound or 
encapsulant, thereby assuring quality and yield of fabricated 
products; unlike in the prior art of using a conventional 
MCM substrate With uneven arrangement of chips and 
bonding Wires, Which Would cause uneven ?oWing speeds or 
turbulence of the molding compound, and possibly lead to 
voids formed in the encapsulant and popcorn effect that 
seriously damage the package structure. 
The invention has been described using exemplary pre 

ferred embodiments. HoWever, it is to be understood that the 
scope of the invention is not limited to the disclosed embodi 
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ments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. The scope of the 
claims, therefore, should be accorded With the broadest 
interpretation so as to encompass all such modi?cations and 
similar arrangements. 
What is claimed is: 
1. A substrate With a dam bar structure, comprising: 
at least a chip attach area and a conductive-element 

bonding area formed on a surface of the substrate, With 
the conductive-element bonding area surrounding the 
chip attach area, so as to alloW a chip to be mounted on 
the chip attach area and electrically connected to the 
substrate by a plurality of conductive elements bonded 
to the conductive-element bonding area; 

a molding gate formed on the surface of the substrate 
outside the chip attach area and the conductive-element 
bonding area, alloWing an encapsulating compound to 
be injected through the molding gate for encapsulating 
the chip and the conductive elements; and 

a dam bar formed on the surface of the substrate outside 
the chip attach area and the conductive-element bond 
ing area, Wherein the dam bar is provided With at least 
a ?rst gate directed toWard the molding gate, a second 
gate and a third gate opposed to the second gate, and the 
second and third gates are each vertically arranged in 
position With respect to the molding gate, so as to alloW 
the encapsulating compound to divert With a How 
direction thereof by the dam bar, Wherein the ?rst gate 
is siZed smaller than the second and third gates respec 
tively. 

2. The substrate of claim 1, Wherein the substrate is made 
of a resin material selected from a group consisting of epoXy 
resin, polyimide resin, BT resin, and FR4 resin. 

3. The substrate of claim 1, Wherein the conductive 
elements are bonding Wires. 

4. The substrate of claim 1, Wherein the encapsulating 
compound is a resin compound. 

5. The substrate of claim 1, Wherein the dam bar is made 
of an insulating material. 

6. The substrate of claim 1, Wherein the dam bar is formed 
on the substrate by a printing process. 

7. The substrate of claim 1, Wherein the dam bar is 
approximately U-shaped, and divided into four sections by 
means of the ?rst, second and third gates. 
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8. The substrate of claim 1, Wherein the dam bar is 

dimensioned in height greater than three-fourth height of a 
mold cavity used for ?lling With the encapsulating com 
pound. 

9. The substrate of claim 1, Wherein the ?rst gate is siZed 
in a manner as to reduce a ?oWing speed of the encapsu 

lating compound Without forming voids in the encapsulating 
compound. 

10. The substrate of claim 1, Wherein the second and third 
gates are each siZed for alloWing the encapsulating com 
pound to How into the chip attach area and the conductive 
element bonding area. 

11. A substrate With a dam bar structure, comprising: 

a plurality of chip attach areas and conductive-element 
bonding areas formed on a surface of the substrate, With 
each of the conductive-element bonding areas sur 

rounding a corresponding one of the chip attach areas, 
so as to alloW a plurality of chips to be respectively 
mounted on the chip attach areas and electrically con 
nected to the substrate by a plurality of conductive 
elements bonded to the conductive-element bonding 
areas; and 

at least a dam bar formed on the surface of the substrate 
outside the chip attach areas and the conductive 
element bonding areas, alloWing an encapsulating com 
pound to smoothly and evenly ?oW into the chip attach 
areas and the conductive-element bonding areas for 
encapsulating the chips and the conductive elements, 
Wherein the dam bar is adapted to balance distribution 
of the chip attach areas and the conductive-element 
bonding areas on the substrate. 

12. The substrate of claim 11, Wherein the conductive 
elements are bonding Wires. 

13. The substrate of claim 11, Wherein the dam bar is 
made of an insulating material. 

14. The substrate of claim 11, Wherein the dam bar is 
formed on the substrate by a printing process. 

15. The substrate of claim 11, Wherein the encapsulating 
compound is a resin compound. 


